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1
REACTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims priority from
Japanese Patent Application No. 2014-100747, filed on May
14, 2014, the content of which 1s hereby incorporated by
reference 1n 1ts entirety into this application.

BACKGROUND

1 Technical Field

The present mvention relates to reactors that employ a
laminated core as a magnetic core.

2 Description of Related Art

As a magnetic core of a reactor, a laminated core may be
employed which 1s formed by laminating a plurality of
soft-magnetic ribbons made of a magnetic sheet steel, an
amorphous alloy or a nanocrystalline alloy. Employing the
laminated core, it 1s easy to increase the saturation magnetic
flux density of the magnetic core. However, at the same
time, the permeability of the magnetic core 1s prone to
become high. Therefore, in the case of employing the
laminated core, gaps are generally formed in the laminated
core across the magnetic path of the laminated core.

However, with the gaps formed 1n the laminated core,
iringing flux 1s generated outside the gaps 1n the lamination
direction. Consequently, eddy current 1s generated on side
surfaces of the laminated core 1n the vicinities of the gaps,
1.€., generated in the soft-magnetic ribbons located at ends of
the laminated core in the lamination direction, thereby
increasing the eddy current loss. Moreover, due to genera-
tion of the frnnging flux, 1t becomes easy for magnetic flux
to concentrate on the soft-magnetic ribbons located at the
ends of the laminated core, thereby increasing the hysteresis
loss.

To solve the above problem, Japanese Patent Application
Publication No. JP2007012647A discloses a complex mag-
netic core that 1s comprised of a laminated core and a
plurality of dust cores. Fach of the dust cores 1s formed by
compacting ferromagnetic powder whose surface 1s 1nsula-
tion-treated. Moreover, gaps are formed between the dust
cores. Consequently, with the dust cores that have a high
clectrical resistance, 1t 1s possible to suppress the generation
of eddy current, thereby reducing the 1ron loss.

However, 1n the complex magnetic core disclosed 1n the
above patent document, the dust cores have a relatively low
permeability. Consequently, the magnetic reluctance of the
entire complex magnetic core 1s increased, thereby increas-
ing the loss of the complex magnetic core.

SUMMARY

According to exemplary embodiments, a reactor 1s pro-
vided which includes a laminated core and a coil wound
around the laminated core. The laminated core 1s formed of
a plurality of soft-magnetic ribbons that are laminated 1n a
lamination direction. The laminated core has a gap that 1s
formed 1n the laminated core across a magnetic path direc-
tion along which magnetic flux tlows 1n the laminated core.
The laminated core also has a flat facing surface that faces
the gap and a pair of flat side surfaces that are respectively
on opposite sides of the facing surface in the lamination
direction. The laminated core further has a pair of first corner
curved surfaces that are respectively formed between the
facing surface and one of the side surfaces and between the
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2

facing surface and the other side surface. Each of the first
corner curved surfaces has a width 1n the lamination direc-
tion greater than the thickness of each of the soft-magnetic
ribbons forming the laminated core. For each of the first
corner curved surfaces, a length of the first corner curved
surface 1n the magnetic path direction 1s greater than the
width of the first corner curved surface in the lamination
direction.

With the above configuration, since the reactor employs
the laminated core as 1ts magnetic core, 1t 1s possible to
lower the magnetic reluctance of the magnetic core, thereby
reducing the loss of the magnetic core. Consequently, 1t 1s
possible to easily realize a desired inductance of the mag-
netic core.

Moreover, since each of the first corner curved surfaces
has 1ts width in the lamination direction greater than the
thickness of each of the soft-magnetic ribbons, it 1s possible
to prevent the start or end points of frnging flux from
concentrating on those peripheral soft-magnetic ribbons
which constitute the side surfaces of the laminated core.
Consequently, 1t 1s possible to reduce eddy current generated
on the side surfaces of the laminated core, thereby reducing
the eddy current loss. In addition, i1t 1s also possible to
prevent magnetic flux from concentrating on particular
solt-magnetic ribbons 1n the laminated core, thereby reduc-
ing the hysteresis loss and the eddy current loss.

Furthermore, since the first corner curved surfaces are not
planar taper surfaces, i1t 1s possible to more eflectively
prevent magnetic flux from concentrating on particular
solt-magnetic ribbons in the laminated core.

Moreover, since each of the first corner curved surfaces
has 1ts length 1n the magnetic path direction greater than its
width 1n the lamination direction, it 1s possible to enhance
the effect of reducing the eddy current loss. More specifi-
cally, 1t 1s possible to increase the distances from those
peripheral soit-magnetic ribbons which constitute the side
surfaces of the laminated core to the facing surface of the
laminated core, thereby enhancing the effect of reducing the
eddy current loss.

In a further implementation, the laminated core also has
a pair of flat end surfaces that are respectively on opposite
sides of the facing surface in a height direction of the
laminated core. The height direction 1s perpendicular to both
the lamination direction and the magnetic path direction.
The laminated core further has a pair of second corner
curved surfaces that are respectively formed between the
facing surface and one of the end surfaces and between the
facing surface and the other end surface. For each of the
second corner curved surfaces, a length of the second corner
curved surface 1n the magnetic path direction 1s greater than
a width of the second corner curved surface 1n the height
direction.

The laminated core may have a substantially annular
shape such that the lamination direction coincides with an
inside-outside direction of the laminated core. In this case,
the first corner curved surfaces include an 1nner first corner
curved surface that 1s on the 1nner side of the facing surface
and an outer first corner curved surface that 1s on the outer
side of the facing surface. It is preferable that the mnner first
corner curved surface has a different shape from the outer
first corner curved surface. It 1s further preferable that the
length of the mner first corner curved surface 1in the magnetic
path direction 1s greater than the length of the outer first
corner curved surface in the magnetic path direction.

For each of the first corner curved surfaces, those soft-
magnetic ribbons which together constitute the first corner
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curved surface may be laminated so that distal ends of those
soft-magnetic ribbons are oflset from one another in the
magnetic path direction.

When viewed along the height direction perpendicular to
both the lamination direction and the magnetic path direc-
tion, each of the first corner curved surfaces may have a
shape that 1s determined by the following Equation (1) on an
X-y coordinate plane:

+W—-Fh

X |
v = gab (1)

+ g(l — a)

where the x-y coordinate plane has its x-axis set to a line that
extends 1n the lamination direction through a center of the
gap and its y-axis set to a line that extends 1n the magnetic
path direction and 1s equidistant from the side surfaces of the
laminated core, g 1s half of the size of the gap, h 1s half of
the distance between the side surfaces of the laminated core,
W 1s the width of the first corner curved surface in the
lamination direction, a 1s a positive constant, b 1s a positive
constant greater than 1, and (h—-W)=x<h.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from
the detailed description given hereinafter and from the
accompanying drawings ol exemplary embodiments, which,
however, should not be taken to limit the invention to the
specific embodiments but are for the purpose of explanation
and understanding only.

In the accompanying drawings:

FIG. 1 1s a cross-sectional view of a reactor according to
a first embodiment;

FIG. 2 1s an enlarged top view of the vicinity of a gap in
a laminated core of the reactor according to the first embodi-
ment;

FI1G. 3 15 a perspective view of part of the laminated core;

FIG. 4 1s a schematic view 1llustrating the concentration
of magnetic flux which would occur 11 no first corner curved
surfaces were provided 1n the laminated core;

FIG. 5 1s a schematic view 1llustrating a large eddy current
which would be generated 11 no first corner curved surfaces
were provided 1n the laminated core;

FIG. 6 1s a schematic view 1llustrating no concentration of
magnetic flux on particular soft-magnetic ribbons 1n the
laminated core of the reactor according to the first embodi-
ment;

FIG. 7 1s a schematic view 1llustrating the concentration
of magnetic flux which would occur if planar taper surfaces
were provided, mstead of first corner curved surfaces, 1n the
laminated core;

FIG. 8 1s an enlarged top view of the vicinity of a gap in
a laminated core of a reactor according to a second embodi-
ment;

FIG. 9 15 an enlarged side view of the vicinity of a gap in
a laminated core of a reactor according to a third embodi-
ment;

FIG. 10 1s an enlarged top view of the vicinity of a first
corner curved surface in a laminated core of a reactor
according to a fourth embodiment;

FIG. 11 1s an enlarged top view of the vicimity of a first
corner curved surface i a laminated core of a reactor
according to a fifth embodiment;

FIG. 12 1s a top view of a laminated core of a reactor
according to a sixth embodiment;
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FIG. 13 1s a cross-sectional view taken long the line
XIII-XIII 1n FIG. 12;

FIG. 14 1s a top view of a laminated core ol a reactor
according to a seventh embodiment; and

FIG. 15 1s a cross-sectional view taken long the line

XV-XV m FIG. 14.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments will be described hereimnafter
with reference to FIGS. 1-15. It should be noted that for the
sake of clarity and understanding, identical components
having 1dentical functions throughout the whole description
have been marked, where possible, with the same reference
numerals 1 each of the figures and that for the sake of
avoiding redundancy, descriptions of the identical compo-
nents will not be repeated.

First Embodiment

FIG. 1 shows the overall configuration of a reactor 1
according to the first embodiment.

In the present embodiment, the reactor 1 1s designed to be
used as a component of an electric power conversion appa-
ratus that 1s installed in, for example, an electric vehicle or
a hybrid vehicle. More specifically, the reactor 1 1s designed
to be used as a component of a booster circuit of the electric
power conversion apparatus; the booster circuit boosts the
output voltage of an electric power supply to a predeter-
mined voltage.

As shown 1n FIG. 1, the reactor 1 includes a laminated
core 2 and a coil 3 wound around the laminated core 2.

Referring to FIGS. 2-3 together with FIG. 1, in the present
embodiment, the laminated core 2 1s formed by laminating
a plurality of soft-magnetic ribbons 11 in a lamination
direction X. The laminated core 2 has a pair of gaps 10 each
of which 1s formed in the laminated core 2 across a magnetic
path direction Y. Hereinafter, the “magnetic path direction
Y™ denotes the direction along which magnetic flux flows 1n
the laminated core 2.

The laminated core 2 has, for each of the gaps 10, a pair
of flat facing surfaces 41 that face the gap 10. Moreover, the
laminated core 2 has, for each of the facing surfaces 41, a
pair of flat inner and outer side surfaces 42 and 43 that are
respectively on the inner and outer sides of the facing
surtace 41 1n the lamination direction X of the laminated
core 2. Further, between the facing surface 41 and the side
surfaces 42 and 43, there are formed first corner curved
surfaces 5.

As shown 1n FIG. 2, 1n the present embodiment, each of
the first corner curved surfaces 5 has a width W in the
lamination direction X which 1s set to be greater than the
thickness T of each of the soft-magnetic ribbons 11. More-
over, for each of the first corner curved surfaces 5, the length
L. of the first corner curved surface 5 1n the magnetic path
direction L 1s set to be greater than the width W of the firs
corner curved surface 5 1n the lamination direction X.

As shown in FIG. 1, in the present embodiment, the
laminated core 2 1s formed 1nto a substantially annular shape
such that the lamination direction X coincides with an
inside-outside direction of the laminated core 2. Moreover,
as shown 1n FIG. 2, among the first corner curved surfaces
5 of the laminated core 2, the inner corner curved surfaces
51 that are on the mner side of the facing surfaces 41 have
a different shape from the outer corner curved surfaces 52
that are on the outer side of the facing surfaces 41.
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More specifically, the length L1 of the inner corner curved
surfaces 51 1n the magnetic path direction Y 1s greater than
the length L2 of the outer corner curved surfaces 52 1n the
magnetic path direction Y. Moreover, the width W1 of the
inner corner curved surfaces 31 1n the lamination direction
X 1s also greater than the width W2 of the outer corner
curved surfaces 52 in the lamination direction X.

As shown in FIG. 1, in the present embodiment, the
laminated core 2 1s comprised of a pair of laminated core
segments 21 each of which 1s formed by laminating a
predetermined number of the soft-magnetic ribbons 11.

More specifically, each of the laminated core segments 21
1s substantially U-shaped to have a pair of leg portions 211
extending parallel to each other and a connecting portion
212 that connects ends of the leg portions 211 on the same
side. The laminated core segments 21 are arranged so that
the leg portions 211 of one of the laminated core segments
21 respectively face the leg portions 211 of the other
laminated core segment 21 through the gaps 10 formed
therebetween. Consequently, the distal end surfaces of the
leg portions 211 of the laminated core segments 21 consti-
tute the facing surfaces 41 of the laminated core 2 which
tace the gaps 10.

Moreover, as shown 1n FIGS. 1 and 3, the inner surfaces
of the leg portions 211 of the laminated core segments 21
constitute the mner side surfaces 42 of the laminated core 2.
The outer surfaces of the leg portions 211 of the laminated
core segments 21 constitute the outer side surfaces 43 of the
laminated core 2. The inner and outer side surfaces 42 and
43 of the laminated core 2 extend perpendicular to the facing
surtaces 41 of the lamiated core 2.

Furthermore, as shown in FIGS. 1-3, each of the first
corner curved surfaces 5 of the laminated core 2 1s formed

so as to smoothly connect a corresponding pair of the facing
surfaces 41 and the side surfaces 42 and 43 of the laminated
core 2. In addition, each of the first corner curved surfaces
5 1s formed over a plural number of the soft-magnetic
ribbons 11.

As described previously, in the present embodiment, for
cach of the first corner curved surfaces 5, the length L of the
first corner curved surface 5 1n the magnetic path direction
L. 1s set to be greater than the width W of the first corner
curved surface 35 in the lamination direction X. Conse-
quently, as shown 1n FIG. 2, when viewed along a height
direction Z that 1s perpendicular to both the magnetic path
direction Y and the lamination direction X, each of the first
corner curved surfaces 5 has a shape that 1s not a simple arc,
but a curve whose curvature 1s gradually changed, such as an
exponential curve.

Moreover, as shown 1n FIG. 3, each of the first corner
curved surfaces 5 1s formed over the entire range of the
laminated core 2 in the height direction Z. In addition, each
of the first corner curved surfaces 3 1s formed by grinding.

More specifically, 1n the present embodiment, after form-
ing the laminated core segments 21 by laminating the
solt-magnetic ribbons 11, a grninding process (or cutting
process) 1s performed on predetermined corner portions of
the laminated core segments 21, thereby forming the first
corner curved surfaces 5.

Moreover, as shown 1n FIG. 2, among the soft-magnetic
ribbons 11 forming the laminated core 2, those peripheral
solt-magnetic ribbons 112 and 113 which constitute the side
surfaces 42 and 43 of the laminated core 2 have their
respective distal ends considerably recessed 1n the magnetic
path direction Y from the corresponding facing surfaces 41
of the laminated core 2. In particular, the distal ends of the
inner peripheral soft-magnetic ribbons 112 that constitute
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the mner side surfaces 42 of the laminated core 2 are
recessed from the corresponding facing surfaces 41 of the
laminated core 2 more than the distal ends of the outer
peripheral soft-magnetic ribbons 113 that constitute the
outer side surfaces 43 of the laminated core 2.

In addition, the soft-magnetic ribbons 11 forming the
laminated core 2 may be made, for example, of FINEMET
(a registered trade mark) which 1s a nanocrystalline soft-
magnetic material produced by Hitachi Metals, Ltd. More-
over, the soft-magnetic ribbons 11 are laminated with 1nsu-
lating layers (not shown) interposed therebetween. The
thickness T of the soft-magnetic ribbons 11 may be set to, for
example, 18 um. The thickness of the insulating layers may
be set to, for example, 5 um.

As shown 1n FIG. 1, the coil 3 1s wound around the leg
portions 211 of the laminated core segments 21.

According to the present embodiment, 1t 1s possible to
achieve the following advantageous eflects.

In the present embodiment, the reactor 1 includes the
laminated core 2 and the coi1l 3 wound around the laminated
core 2. The laminated core 2 1s formed of the soft-magnetic
ribbons 11 that are laminated 1n the lamination direction X.
The laminated core 2 has the gaps 10 that are formed 1n the
laminated core 2 across the magnetic path direction Y. The
laminated core 2 also has, for each of the gaps 10, the pair
of flat facing surfaces 41 that face the gap 10. Moreover, the
laminated core 2 has, for each of the facing surfaces 41, the
pair of flat side surfaces 42 and 43 that are respectively on
opposite sides of the facing surface 41 1n the lamination
direction X. The laminated core 2 further has, for each of the
facing surfaces 41, the pair of first corner curved surfaces 3
that are respectively formed between the facing surface 41
and the side surface 42 and between the facing surface 41
and the side surface 43. Each of the first corner curved
surfaces 5 has i1ts width W 1n the lamination direction X
greater than the thickness T of each of the soft-magnetic
ribbons 11 forming the laminated core 2. For each of the first
corner curved surfaces 5, the length L of the first corner
curved surface 5 in the magnetic path direction Y 1s greater
than the width W of the first corner curved surface 5 in the
lamination direction X.

With the above configuration, since the reactor 1 employs
the laminated core 2 as its magnetic core, it 1s possible to
lower the magnetic reluctance of the magnetic core, thereby
reducing the loss of the magnetic core. Consequently, 1t 1s
possible to easily realize a desired inductance of the mag-
netic core.

Moreover, since each of the first corner curved surfaces 5
has 1ts width W 1n the lamination direction X greater than the
thickness T of each of the soft-magnetic ribbons 11, 1t 1s
possible to prevent the start or end points of {fringing flux F
from concentrating on those peripheral soft-magnetic rib-
bons 112 and 113 which constitute the side surfaces 42 and
43 of the laminated core 2, as shown in FIG. 6. Conse-
quently, 1t 1s possible to reduce eddy current 100 (shown 1n
FIG. 3) generated on the side surfaces 42 and 43 of the
laminated core 2, thereby reducing the eddy current loss. In
addition, 1t 1s also possible to prevent magnetic flux from
concentrating on particular soft-magnetic ribbons 11 1n the
laminated core 2, thereby reducing the hysteresis loss and
the eddy current loss.

Specifically, as shown 1n FIG. 4, 11 no first corner curved
surfaces 3 were provided 1n the laminated core 2, the start or
end points of fnnging flux F would be concentrated on those
peripheral soft-magnetic ribbons 112 and 113 which consti-
tute the side surfaces 42 and 43 of the laminated core 2.
Therefore, magnetic tlux would be concentrated on some
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particular soft-magnetic ribbons 11 (1.e., the peripheral soft-
magnetic ribbons 112 and 113) in the laminated core 2,
thereby increasing the hysteresis loss and the eddy current
loss. Moreover, Iringing tflux F would enter the peripheral
solt-magnetic ribbons 112 and 113 1n the vicinities of the
gaps 10 so as to itersect the side surfaces 42 and 43 of the
laminated core 2. Consequently, as shown 1n FIG. 3, a large
eddy current would be generated on the side surfaces 42 and
43 of the laminated core 2.

In contrast, in the present embodiment, as shown in FIG.
6, with the first corner curved surfaces 35 provided in the
laminated core 2, 1t 1s possible to prevent magnetic flux from
concentrating on some particular soft-magnetic ribbons 11
(1.e., the peripheral soft-magnetic ribbons 112 and 113) 1n
the laminated core 2. Moreover, without concentration of
fringing flux F that intersects the peripheral soft-magnetic
ribbons 112 and 113 in the vicinities of the gaps 10, 1t 1s
possible to prevent a large eddy current 100 from being
generated on the side surfaces 42 and 43 of the laminated
core 2. More specifically, as shown in FIG. 3, though eddy
current 100 1s generated on the side surfaces 42 and 43 of the
laminated core 2, the eddy current 100 1s small and far away
from the gaps 10 (or from the facing surfaces 41).

Moreover, since the first corner curved surfaces 5 are not
simple taper surfaces, it 1s possible to more effectively
prevent magnetic flux from concentrating on particular
solt-magnetic ribbons 11 1n the laminated core 2.

Specifically, as shown 1n FIG. 7, if planar taper surfaces
92 were provided, mstead of the first corner curved surfaces
5, at corners of the laminated core 2, the following problems
would occur. That 1s, in this case, it might be possible to
suppress concentration of the start or end points of fringing
flux F on those peripheral soft-magnetic ribbons 112 and 113
which constitute the side surfaces 42 and 43 of the laminated
core 2. However, the start or end points of fringing flux F
would be concentrated on those areas of the planar taper
surfaces 92 which are closest to the corresponding facing
surfaces 41 of the laminated core 2. Consequently, among
the soft-magnetic ribbons 11 whose distal ends together
constitute the planar taper surfaces 92, magnetic flux would
be concentrated on those soft-magnetic ribbons 114 which
are located closest to the corresponding facing surfaces 41 of
the laminated core 2, thereby increasing the hysteresis loss
and the eddy current loss.

In contrast, 1n the present embodiment, by providing the
first corner curved surfaces 5, which are not simple taper
surfaces, at corners of the laminated core 2, it 1s possible to
prevent occurrence of the above problems. That 1s, as shown
in FIG. 6, 1t 1s possible to prevent the start or end points of
irnging flux F from concentrating on particular soft-mag-
netic ribbons 11.

Furthermore, since each of the first corner curved surfaces
5 has its length L in the magnetic path direction Y set to be
greater than 1ts width W 1n the lamination direction X, it 1s
possible to enhance the effect of reducing the eddy current
loss. More specifically, as shown 1 FIG. 3, it 1s possible to
increase the distances from those peripheral soft-magnetic
ribbons 112 and 113 which constitute the side surfaces 42
and 43 of the laminated core 2 to the corresponding facing
surfaces 41 of the laminated core 2, thereby enhancing the
cllect of reducing the eddy current loss.

Moreover, 1n the present embodiment, the laminated core
2 has the substantially annular shape such that the lamina-
tion direction X coincides with an mside-outside direction of
the laminated core 2. The first corner curved surfaces 5
include the mner corner curved surfaces 51 that are on the
inner side of the facing surfaces 41 and the outer corner
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curved surfaces 52 that are on the outer side of the facing
surfaces 41. The inner corner curved surfaces 51 have a
different shape from the outer corner curved surfaces 52.
The length L1 of the inner corner curved surfaces 51 1n the
magnetic path direction Y 1s greater than the length L2 of the
outer corner curved surfaces 52 1n the magnetic path direc-
tion Y.

With the above configuration, 1t 1s possible to set the gaps
10 to be wider on the 1inner peripheral side than on the outer
peripheral side of the laminated core 2. Consequently, 1t 1s
possible to set the magnetic reluctance of the laminated core
2 to be higher on the 1mnner peripheral side than on the outer
peripheral side. As a result, 1t 1s possible to eflectively
reduce fringing tflux F generated on the inner peripheral side
of the laminated core 2 where 1t 1s easy for magnetic flux to
be concentrated.

To sum up, with the configuration of the reactor 1
according to the present embodiment, 1t 1s possible to reduce
both the eddy current loss and the hysteresis loss.

Second Embodiment

In this embodiment, as shown 1n FIG. 8, when viewed
along the height direction 7Z perpendicular to both the
lamination direction X and the magnetic path direction Y,
cach of the first corner curved surfaces 3 has a shape that 1s
determined by the following Equation (1) on an x-y coor-
dinate plane.

In addition, for each of the gaps 10, the x-axis of the x-y
coordinate plane 1s set to a line that extends in the lamination
direction X through the center of the gap 10. The y-axis of
the x-y coordinate plane 1s set to a line that extends in the
magnetic path direction Y and 1s equidistant from the inner
and outer side surfaces 42 and 43 of the laminated core 2.

(1)

where g 1s hall of the size of the gap 10, h 1s half of the
distance between a pair of the mnner and outer side surfaces
42 and 43 of the laminated core 2, W 1s the width of the first
corner curved surface 5 1n the lamination direction X, a 1s a
positive constant, b 1s a positive constant greater than 1, and
(h—W)=x<h.

In addition, attention 1s here focused on the shape of the
first comer curved surface 5 on the first quadrant (1.e., the
upper-right part) of the x-y coordinate plane where x=0 and
y=0. However, it should be noted that though the signs of x
and vy coordinates on the other quadrants of the x-y coordi-
nate plane are diflerent from those on the first quadrant, the
shapes of the first corner curved surfaces 5 on the other
quadrants can also be determined using the above Equation
(1).

Moreover, 1n the present embodiment, for each of the first
corner curved surfaces 5, the length L of the first corner
curved surface 5 1n the magnetic path direction Y and the
width W of the first corner curved surface 3 1n the lamination
direction X also satisiy the relationship of W<L as in the first
embodiment. In addition, in the present embodiment, the
following relationships are further satisfied:

D g=.=<30 g;

L/10=sW<L;

2 g=W<h; and

2=b=12.

Furthermore, 1n the present embodiment, the width W 1n
the lamination direction X and the length L in the magnetic
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path direction Y are set to be the same for the inner corner
curved surfaces 51 and the outer corner curved surfaces 52.
However, 1t should be noted that at least one of the width W
and the length L may be set to be diflerent for the inner
corner curved surfaces 51 and the outer corner curved
surfaces 52 as in the first embodiment.

The performance of a reactor 1 according to the present
embodiment has been confirmed by an experimental inves-
tigation.

More specifically, in the mvestigation, sample reactors
1-5 were prepared which had the shapes of the first corner
curved surfaces 5 determined by the above Equation (1)
using the parameters and constants given in the following
TABLE 1. In addition, for the purpose of comparison, both
a reference sample reactor and a comparative sample reactor
were also prepared.

The reference sample reactor had the same basic shape of
the laminated core 2 as the reactor 1 according to the first
embodiment, but no gaps formed 1n the laminated core 2.

The comparative sample reactor had, instead of the first
corner curved surfaces 5, planar taper surfaces provided at
corners of the laminated core 2 so as to make an angle of 45°
with respect to both the lamination direction X and the
magnetic path direction Y. In addition, in the comparative
sample reactor, both the width W of the planar taper surfaces
in the lamination direction X and the length L of the planar
taper surfaces 1n the magnetic path direction Y were set to
1 mm; the size of the gaps 10 were set to 2 mm.

TABLE 1

g W h L IRON

SAMPLE (mm) (mm) (mm) (mm) a b LOSS

1 5 10 20.13 0.008 474  1.053

2 5 10 16.85 0.00413 5.21  1.059

3 5 10 31.70 0.008 5.21  1.052

4 5 10 50.89 0.013 5.21  1.075

5 1 5 10 50.84 0.008 574 1.073

REFERENCE 0 — 10 — — — ]

SAMPLE

COMPARATIVE 1 1 10 1 — — 1.405
SAMPLE

In the mvestigation, for each of the sample reactors, a
predetermined electric current was supplied to flow through
the coil 3 of the sample reactor, and the iron loss of the
sample reactor caused by the supply of the predetermined
clectric current was measured.

The measurement results are shown i1n TABLE 1, where
the 1ron losses of the sample reactors are converted into
relative values to the iron loss of the reference sample
reactor.

As seen from TABLE 1, due to the gaps 10 formed 1n the
sample reactors 1-5, the ron losses of the sample reactors
1-5 were slightly higher than the 1ron loss of the reference
sample reactor. However, the iron losses of the sample
reactors 1-5 were considerably lower than the iron loss of the
comparative sample reactor.

Accordingly, from the results of the experimental inves-
tigation, 1t has been made clear that a reactor 1 according to
the present embodiment has the capability to eflectively
reduce the iron loss.

Third Embodiment

In this embodiment, as shown in FIG. 9, the laminated
core 2 has, for each of the facing surfaces 41, a pair of flat
end surfaces 44 and 435 that are respectively on opposite
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sides of the facing surface 41 in the height direction Z
perpendicular to both the lamination direction X and the
magnetic path direction Y. Moreover, the laminated core 2
further has a pair of second corner curved surfaces 6 that are
respectively formed between the facing surface 41 and the
end surface 44 and between the facing surface 41 and the
end surface 45. Furthermore, for each of the second corner
curved surfaces 6, the length 1.3 of the second corner curved
surface 6 1n the magnetic path direction Y 1s set to be greater
than the width W3 of the second corner curved surface 6 in
the height direction Z. Consequently, when viewed along the
lamination direction X, each of the second corner curved
surfaces 6 has a shape that 1s not a simple arc, but a curve
whose curvature 1s gradually changed, such as an exponen-
tial curve.

In the present embodiment, the laminated core 2 also has
the first corner curved surfaces 3 as 1n the first embodiment.
More specifically, the laminated core 2 has, for each of the
facing surfaces 41, the pair of first corner curved surfaces 3
(see FIG. 2) that are respectively formed between the facing,
surface 41 and the side surface 42 and between the facing
surface 41 and the side surface 43 and the pair of second
corner curved surfaces 6 (see FIG. 8) that are respectively
formed between the facing surface 41 and the end surface 44
and between the facing surface 41 and the end surface 45.

Consequently, with the first corner curved surfaces 35 and
the second corner curved surfaces 6, 1t 1s possible to more
cllectively prevent magnetic flux from concentrating on the
corners of the facing surfaces 41.

Fourth Embodiment

In this embodiment, as shown in FIG. 10, for each of the
first corner curved surfaces 5, those soft-magnetic ribbons
11 which together constitute the first corner curved surface
5 are laminated so that the distal ends 110 of those sofit-
magnetic ribbons 11 are offset from each other in the
magnetic path direction Y. In other words, the positions of
the distal ends 110 of those soft-magnetic ribbons 11 1n the
magnetic path direction Y are different from each other.

On the other hand, for each of the facing surfaces 41,
those soit-magnetic ribbons 11 which together constitute the
facing surface 41 are laminated so that the distal ends 110 of
those soft-magnetic ribbons 11 are 1n alignment with each
other 1n the lamination direction X. In other words, all the
positions ol the distal ends 110 of those soft-magnetic
ribbons 11 1n the magnetic path direction Y are the same.

Moreover, 1n the present embodiment, as shown in FIG.
10, for each of the first comer curved surfaces 5, those
solt-magnetic ribbons 11 which together constitute the first
corner curved surface 5 are laminated so that the closer the
soft-magnetic ribbons 11 are to the facing surface 41 1n the
lamination direction X, the closer the distal ends 110 of the
solt-magnetic ribbons 11 are to the facing surface 41 in the
magnetic path direction Y. Further, the differences between
the positions of the distal ends 110 of adjacent soft-magnetic
ribbons 11 1n the magnetic path direction Y are gradually
decreased 1n the lamination direction X from the side surface
42 (or 43) to the facing surface 41. Consequently, when
viewed along the height direction Z, the first corner curved
surface 3 1s represented by a curve that extends along the
distal ends 110 of the soft-magnetic ribbons 11 to smoothly
connect the side surface 42 (or 43) and the facing surface 41.

According to the present embodiment, 1t 1s possible to
form the first corner curved surfaces 5 without performing a
grinding (or cutting) process. Consequently, 1t 1s possible to
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reduce the number of steps required for manufacturing the
reactor 1, thereby reducing the manufacturing cost and
improving the productivity.

Fifth Embodiment

This embodiment 1s a modification of the fourth embodi-
ment.

Specifically, in the fourth embodiment, for each of the first
corner curved surfaces 5, those soft-magnetic ribbons 11
which together constitute the first corner curved surface 5
are laminated so that all the positions of the distal ends 110
of those soft-magnetic ribbons 11 in the magnetic path
direction Y are different from each other (see FIG. 10).

In comparison, 1n the present embodiment, as shown in
FI1G. 11, for each of the first corner curved surfaces 5, those
solt-magnetic ribbons 11 which together constitute the first
corner curved surface 5 are laminated so that the positions
of the distal ends 110 are the same for some adjacent pairs
of those soft-magnetic ribbons 11.

Sixth Embodiment

This embodiment 1s a modification of the first embodi-
ment.

Specifically, i the first embodiment, the laminated core 2
1s substantially annular-shaped. Moreover, the laminated
core 2 1s comprised of the pair of laminated core segments

21 each of which 1s substantially U-shaped (see FIG. 1).

In comparison, 1n the present embodiment, as shown in
FIGS. 12-13, the laminated core 2 1s configured as a so-
called EE core. More specifically, the laminated core 2 1s
comprised of a pair of substantially E-shaped laminated core
segments 21. Each of the laminated core segments 21 1s
formed by laminating a plurality of soft-magnetic ribbons 11
in the thickness direction thereof. That i1s, the lamination
direction X coincides with the thickness direction of the
solt-magnetic ribbons 11. In addition, each of the soift-
magnetic ribbons 11 has a substantially E-shape when
viewed along the thickness direction.

Moreover, 1n the present embodiment, as shown 1n FIG.
12, each of the substantially E-shaped laminated core seg-
ments 21 has three leg portions 211 extending parallel to
cach other and a connecting portion 212 that connects ends
of the leg portions 211 on the same side. The laminated core
segments 21 are arranged so that the leg portions 211 of one
of the laminated core segments 21 respectively face the leg
portions 211 of the other laminated core segment 21 through
gaps 10 formed therebetween.

Each of the leg portions 211 of the laminated core
segments 21 has a flat distal end surface that faces the
corresponding gap 10; the distal end surface constitutes one
facing surface 41 of the laminated core 2. Moreover, as
shown 1 FIG. 13, each of the leg portions 211 of the
laminated core segments 21 also has a pair of flat side
surfaces that are respectively on opposite sides of the distal
end surface (1.e., the facing surface 41) of the leg portion 211
in the lamination direction X; the pair of side surfaces
constitutes one pair of side surfaces 420 of the laminated
core 2.

Furthermore, 1n the present embodiment, as shown in
FIGS. 12-13, the laminated core 2 has, for each of the facing
surfaces 41, a pair of first corner curved surfaces 3 that are
tformed between the facing surface 41 and the pair of side
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surfaces 420 respectively on opposite sides of the facing
surface 41 1n the lamination direction X so as to smoothly
connect the facing surface 41 and the pair of side surfaces
420. In addition, the first corner curved surfaces 5 have
substantially the same shape.

Moreover, though not shown 1n the figures, the coil 3 1s
wound around, among all the leg portions 211 of the
laminated core segments 21, the center leg portions 210 of
the laminated core segments 21.

According to the present embodiment, 1t 1s also possible
to achieve the same advantageous eflects as described 1n the
first embodiment.

Seventh Embodiment

This embodiment 1s another modification of the first
embodiment.

In the present embodiment, as shown in FIGS. 14-15, the
laminated core 2 1s configured as a so-called FI core. More
specifically, the laminated core 2 1s comprised of a substan-
tially E-shaped laminated core segment 21 and a substan-
tially I-shaped (1.e., straight) laminated core segment 21.

The substantially E-shaped laminated core segment 21
has the same configuration as the laminated core segments
21 described 1n the sixth embodiment.

The substantially I-shaped laminated core segment 21 has
a flat side surface arranged to face, in a direction perpen-
dicular to both the lamination direction X and the longitu-
dinal direction of the substantially I-shaped laminated core
segment 21, the distal end surfaces (i.e., the facing surfaces
41) of the leg portions 211 of the substantially E-shaped
laminated core segment 21 through gaps 10 formed ther-
cbetween. This side surface constitutes one facing surface 41
of the laminated core 2.

The substantially I-shaped laminated core segment 21
also has a pair of flat side surfaces that are respectively on
opposite sides of the side surface (1.e., the facing surface) 41
in the lamination direction X. The pair of side surfaces
constitutes one pair of side surfaces 420 of the laminated
core 2.

Furthermore, in the present embodiment, as shown 1n
FIGS. 14-15, the laminated core 2 has, for each of the facing
surfaces 41, a pair of first corner curved surfaces 5 that are
formed between the facing surface 41 and the pair of side
surfaces 420 respectively on opposite sides of the facing
surface 41 1n the lamination direction X so as to smoothly
connect the facing surface 41 and the pair of side surfaces
420. In addition, the first corner curved surfaces 5 have
substantially the same shape.

Moreover, though not shown 1n the figures, the coil 3 1s
wound around, among the three leg portions 211 of the
substantially E-shaped laminated core segment 21, the cen-
ter leg portions 210 of the substantially E-shaped laminated
core segment 21.

According to the present embodiment, 1t 1s also possible
to achieve the same advantageous etlects as described 1n the
first embodiment.

While the above particular embodiments have been
shown and described, it will be understood by those skilled
in the art that various modifications, changes, and improve-
ments may be made without departing from the spirit of the
present 1nvention.

For example, the second corner curved surfaces 6 pro-
vided in the laminated core 2 according to the third embodi-
ment may also be provided 1n the laminated cores 2 accord-
ing to the sixth and seventh embodiments.
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What 1s claimed 1s:

1. A reactor comprising;:

a laminated core formed of a plurality of soft-magnetic
ribbons that are laminated 1n a lamination direction;
and

a coll wound around the laminated core,

wherein

the laminated core has a gap that 1s formed in the
laminated core across a magnetic path direction along
which magnetic flux flows 1n the laminated core,

the laminated core also has a flat facing surface that faces
the gap and a pair of flat side surfaces that are respec-
tively on opposite sides of the facing surface in the
lamination direction,

the laminated core further has a pair of first corner curved
surfaces that are respectively formed between the fac-
ing surface and one of the side surfaces and between the
facing surface and the other side surface,

cach of the first corner curved surfaces has a width in the
lamination direction greater than a thickness of each of
the soft-magnetic ribbons forming the laminated core,

for each of the first corner curved surfaces, a length of the
first corner curved surface in the magnetic path direc-
tion 1s greater than the width of the first corner curved
surface 1n the lamination direction,

the laminated core has a substantially annular shape such
that the lamination direction coincides with an 1nside-
outside direction of the laminated core,

the first corner curved surfaces comprise an inner first
corner curved surface that 1s on the 1nner side of the
facing surface and an outer first corner curved surface
that 1s on the outer side of the facing surface,

the mner first corner curved surface has a different shape
from the outer first corner curved surface, and

the length of the inner first corner curved surface in the
magnetic path direction 1s greater than the length of the
outer {irst comer curved surface in the magnetic path
direction,

when viewed along a height direction perpendicular to
both the lamination direction and the magnetic path
direction, each of the first corner curved surfaces has a
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shape that 1s determined by the following Equation (1)
on an X-y coordinate plane:

x+W—h (1)

where the x-y coordinate plane has 1ts x-axis set to a line
that extends 1n the lamination direction through a center
of the gap and 1ts y-axis set to a line that extends 1n the
magnetic path direction and 1s equidistant from the side
surfaces of the laminated core, g 1s half of the size of
the gap, h 1s half of the distance between the side
surfaces of the laminated core, W 1s the width of the
first corner curved surface 1n the lamination direction,

a 1s a positive constant, b 1s a positive constant greater
than 1, and (h-W)<x<h.

2. The reactor as set forth in claim 1, wherein the
laminated core also has a pair of flat end surfaces that are
respectively on opposite sides of the facing surface 1 a
height direction of the laminated core, the height direction
being perpendicular to both the lamination direction and the
magnetic path direction,

the laminated core further has a pair of second corner
curved surfaces that are respectively formed between
the facing surface and one of the end surfaces and

between the facing surface and the other end surface,
and

for each of the second corner curved surfaces, a length of
the second corner curved surface in the magnetic path
direction 1s greater than a width of the second corner
curved surface 1n the height direction.

3. The reactor as set forth 1n claim 1, wherein for each of
the first corner curved surfaces, those soft-magnetic ribbons
which together constitute the first corner curved surface are
laminated so that distal ends of those soft-magnetic ribbons
are ollset from one another 1n the magnetic path direction.
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